The SnCl 4 catalyzed glycosylation reaction of peracetylated b-D-galactopyranose derivatives with terminally unsaturated C 3 -C 11 alkenols was used for the synthesis of some C 3 -C 11 alkenyl b-D-galactopyranosides, as precursors for unsaturated neutral bolaforms.
INTRODUCTION
Bolaforms represent a group of compounds which consist of two hydrophilic heads joined together by a long hydrophobic spacer (aliphatic chain). During recent years, interest in this group of compounds has grown, because of their unusual properties as surfactants 1,2 (they are able to form micelles and vesicles), and their ability to form very thin monolayer lipid membranes. 3 Bolaforms have also been used for studying the mechanisms of membrane processes, 2 as well as some enzymatic reactions, 4, 5 and have been investigated as liquid crystals. 6 Consequently, the practical use of these compounds is expected to grow in the near future. Among one of the most interesting classes of bolaforms is the neutral form containing carbohydrate units at both ends of a long aliphatic chain. Some C 3 -C 11 alkenyl galactopyranosides were synthesized as precursors for unsaturated neutral bolaforms.
It has been known for some time that methyl and phenyl b-D-glucopyranoside may be prepared from penta-O-acetyl-b-D-glucopyranose under Lewis acid catalysis, 7 and later this procedure was modified to provide 1,2-trans-linked glycosides. [8] [9] [10] [11] [12] On the other hand, utilization of penta-O-acetyl-b-D-galactopyranose under Lewis acid catalysis 13 also afforded the corresponding galactopyranosides in moderate yields, accompanied by a significant amount of by-products which required laborious chromatographic purification. As catalysts, BF 3 . Et 2 O and SnCl 4 were tested. In previous work, 14 it was demonstrated that some alkenols, under the influence of Lewis acids, as BF 3 . Et 2 O, SnCl 4 and AlCl 3 , cyclize to the corresponding tetrahydrofuran and/or tetrahydropyran derivatives. In this connection, it was of interest to investigate the competivity of the glycosylation and cyclization reaction in the case of n-alkenols. In this work it was shown that under the employed reaction conditions (short reaction times and lower temperature), the glycosylation reaction prevails over the cyclization of alkenols. Consequently, C 3 -C 11 alkenyl b-D-galactopyranosides were successfully synthesized from galactose and C 3 -C 11 alkenols using the glycosylation reaction in the presence of tin(IV) chloride as a Lewis acid catalyst.
RESULTS AND DISCUSSION
The peracetate of galactose is readily available as the pure b-anomer by a known procedure. 15 When the per-O-acetate 1 (Scheme 1) is dissolved in dichloromethane containing a molar equivalent of tin(IV) chloride, 1,2-acetoxonium ion formation results, 9 as is the case of reactions with other Lewis acids. 16 Addition of alkenol 2 at room temperature under anhydrous conditions gave the peracetylated alkenyl galactopyranoside 3b. Prolongation of reaction times leads to increasing proportions of alkenyl galactoside 3a due to anomerization. For structural assignments extensive NMR studies ( 1 H-1 H homonuclear and 1 H-13 C heteronuclear chemical shift correlation spectroscopy (COSY) experiments) were performed. The acetylated b-and a-glycosides 3a-f were analytically pure and gave 1 H-and 13 C-NMR data in agreement with their assigned structure (Tables I and II) . Following chromatographic purification, the peracetylated products were deacetylated with a mixture of MeOH-Et 3 N-H 2 O (2:1:1) to give the corresponding alkenyl a-D-galactopyranosides (4a) or alkenyl b-D-galactopyranosides (4b). The glycosides 4a-f were analytically pure and gave 1 H and 13 C-NMR data in agreement with their assigned structure.
The starting alcohols, 3-buten-1-ol (2b), 4-penten-1-ol (2c), 5-hexen-1-ol (2d), and 8-nonen-1-ol (2e) were synthesized according to known procedures. 14 
EXPERIMENTAL

General
Dry column chromatography: Merck silica gel 60 (particle size 0.04-0.06 mm) (toluene-ethyl acetate 100:0 to 0:100 as eluent). Thin layer chromatography: Merck TLC aluminium sheets silica gel 60 F 254 (layer thickness 0.2 mm). The spots were visualized by spraying with 10 % sulfuric acid in ethanol (carbohydrates) and 1 % anisaldehyde and 2 % sulfuric acid in glacial acetic acid (non-carbohydrate compounds) and subsequent heating. General procedure for the preparation of alkenyl glycosides. A solution of 1,2,3,4,6-penta-O-acetyl-b-D-galactopyranose (1, 3.90 g, 9.99 mmol) in anhyd. dichloromethane (80 ml) was stirred for 45 min at room temperature with molecular sieves 0.4 nm (4 g) under an argon atmosphere. Subsequently the solution was treated with tin(IV) chloride (10 mmol) and immediately afterwards with the appropriate alcohol (2, 11 mmol) dissolved in anhyd. dichloromethane (20 ml). The mixture was stirred at room temperature for 45 min (in the case of b-galactosides), or for 72 h (in the case of a-galactosides). The mixture was poured into saturated NaHCO 3 solution (100 ml), the organic layer was separated, and the aq. phase was extracted with CH 2 Cl 2 (3 x 40 ml). The combined organic layers were washed with water (2 x 40 ml), filtered through a Celite pad and evaporated in vacuo. The resulting syrup was purified by dry column chromatography (toluene/ethyl acetate 100:0 to 0:100). Apart from acetylated b-galactosides, the corresponding galactosyl chloride was also isolated from the reaction mixture.
The resulting intermediates 3 (100-200 mg) were treated with a 2:1:1 mixture of methanol-triethylamine-water (2 ml) at room temperature for 24 h to afford pure products 4. The obtained yields were in the range of 30-60 % based on the starting D-galactose from the three synthetic steps. TABLE II. 13 C-NMR (50.0 MHz, CDCl 3 ) data for the acetylated a-and b-galactopyranosides (3aa-3fa and 3ab-3fb) SnCl 4 -katalizovano glikozilovawe peracetilovanog derivata galaktoze sa terminalno nezasi}enim C 3 -C 11 alkenolima primeweno je u sintezi C 3 -C 11 alkenil-D-galaktopiranozida, mogu}ih prekursora za dobijawe nezasi}enih neutralnih "bola" -oblika.
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